Background: We previously demonstrated that H. pylori infection leads to increased
| INTRODUCTION
Helicobacter pylori (H. pylori) colonizes the human stomach and contributes to diseases such as gastric ulcers and cancers. It is a highly adaptive Gram-negative bacterium, capable of evading immune surveillance despite systemic and mucosal humoral immunity. 1, 2 There is growing evidence that the failure of the host to eradicate H. pylori may be due to the ability of H. pylori to induce a regulatory T-cell (Treg) response against helper T-cell immunity. H. pylori-specific Tregs were recently shown to suppress memory T-cell responses to H. pylori infection in individuals. 3, 4 In patients, the mRNA expression of Foxp3, a specific Treg surface marker, is higher in the gastric tissue of H. pylori-infected persons compared with uninfected controls. [5] [6] [7] Also, Harris et al. reported an inverse correlation between gastric Foxp3 expression and gastric pathology in H pylori-infected children compared to adults. 8 Our laboratory has also shown that H. pylori can induce Treg development by DC that lead to the inhibition of the host immune response against H. pylori.
9,10
The maturation and activation state of DC are regarded as a control point for the induction of either peripheral tolerance or autoimmunity. DC maturation has been shown to be associated with changes in the expression of chemokine (C-C motif) receptor 2 (CCR2), the receptor for monocyte chemoattractant protein-1, 11 which is crucial for mucosal recruitment during inflammation. [12] [13] [14] [15] [16] CCR2 has been shown to contribute to leukocyte trafficking and the control of intracellular pathogens as CCR2 knockout (CCR2KO) mice were unable to clear infection by Listeria monocytogenes. 17 Deficiency of CCR2 was shown to impair DC trafficking to draining lymph nodes (LNs) in mice and resulting in a defective Th1 response and an increased susceptibility to L. major. 18 Thus, we speculate that CCR2 signaling may be critical in DC-mediated H. pylori tolerogenic response.
In this study, we examined the role of CCR2 in the recruitment 
| MATERIALS AND METHODS

| Mice
Male Wt C57BL/6 mice were purchased from Charles River and C57BL/6 CCR2KO mice were provided by Dr. Bethany Moore (Department of Internal Medicine, Division of Pulmonary and Critical
Care Medicine, University of Michigan Health System, Ann Arbor, MI).
Mice used were 8-10 weeks old. All animals were housed in the animal maintenance facility at the University of Michigan Health System.
This research was undertaken with the approval of the University
Committee on Use and Care of Animals at the University of Michigan (PRO00005890).
| Bacterial strains and culture condition
H. pylori SS1 strain was cultured on Campylobacter-selective agar (BD Diagnostics, Bedford, MA, USA) for 3 days in a humidified microaerophilic chamber at 37°C (BBL Gas System, with CampyPak Plus packs, BD Biosciences San Jose, CA) as previously described.
9
H. pylori infection of mice was achieved by oral gavage of 10 9 bacteria suspended in 100 μL of Brucella broth.
| Generation and stimulation of bone marrowderived dendritic cells (BMDCs)
BMDC from Wt or CCR2KO mice were derived using mouse GM-CSF (10 ng/mL) and IL-4 (10 ng/mL) and cultured with RPMI containing 10% fetal bovine serum (FBS) as previously described. 19 
| Gastritis score determination
After two-month infection with H. pylori, the mice were euthanized.
The stomachs of Wt and CCR2-deficient mice were removed and pre- Table 1 . Finally, quantitation of relative differences in expression was calculated using the comparative 2 −ΔΔCT method. 
| Generation of single-cell suspensions and flow cytometry
Stomachs and spleens from Wt and CCR2KO mice were digested using collagenase as described. 
| Statistical analyses
Experiments were performed in triplicate, and all data were expressed as mean ± SEM. Continuous ratio scale data were evaluated by un- 
| CCR2 deficiency increased H. pylori-induced gastritis and decreased H. pylori colonization
To further explore the role of CCR2 signaling during H. pylori infection, Wt and CCR2KO mice were chronically infected for two months with H. pylori ( Figure 2A ). We measured a higher gastritis score ( Figure 2B,C) and increased expression of proinflammatory cytokines (eg, TNF-α,
mice compared to infected Wt mice ( Figure 2D ). Next, we examined whether CCR2 signaling during chronic H. pylori infection impacts bacterial colonization using quantitative PCR. After two-month infection, we found a lower gastric level of H. pylori colonization in CCR2KO mice compared to Wt mice ( Figure 2E ). These data indicate that CCR2 signaling contributes to H. pylori colonization in mouse stomach.
| CCR2 deficiency skews H. pylori-specific Treg/ Th17 response toward Th17 Immunity
To further study the mechanisms of how CCR2 deficiency leads to in- and CD86 as well as a lower IL-6 production of H. pylori-stimulated BMDC in anti-MCP-1 treated group vs nontreated group (Fig. S1 ).
These results bring to light the importance of CCR2 signaling in mediating DC maturation and skewing the Treg/Th17 balance toward Treg dominance favoring H. pylori tolerance. Although CCR2 has been shown to play a role in CD11c + myeloid cell recruitment to the mucosal tissue sites in prior studies, [12] [13] [14] [15] [16] it was recently found that CCR2 actively recruits monocytes out of bone marrow compartment and does not affect tissue recruitment. 28 In our study, we also did not observe a significant difference in DC or monocyte recruitment in H. pylori-infected CCR2KO and Wt mice. Our in vitro studies did reveal a novel role of CCR2 signaling in DC maturation and Treg priming which are necessary for maintenance of homeostasis.
In conclusion, our findings show that H. pylori infection in CCR2KO mice exhibits a lower H. pylori-specific Treg response resulting in increased gastritis and reduced H. pylori colonization. We also found that CCR2 signaling is essential for DC maturation and function, which are critical for H. pylori host immune escape. Our study demonstrates a novel mechanism of the pathogenesis of H. pylori infection in which CCR2 signaling represents an important target for the modulation of the host response to H. pylori.
